change may depend on whether the recommended practices contravene or obey cultural norms, make the adopter better off, increase or decrease risk for the adopter or require more effort, are perceived as effective, and/or are promoted with mixed messages. Relatively little attention has been focused on factors affecting water users' decisions to change behavior and the role of their attitudes and perceptions (Brown and Davies, 2007; Jorgensen et al., 2009; Campbell et al., 2004; Wang et al., 2005) .
Many studies have connected people's behaviors with their beliefs, perceptions, and attitudes (e.g., Ajzen and Fishbein, 1980; Ajzen, 2005) . Recent research suggests that attitudes and perceptions also influence water use behaviors (Clarke and Brown, 2006) . For example, attitudes about water pricing and allocation of water for recreation are known to influence water conservation (Syme et al., 2000) . Even when conservation program benefits far exceed their costs, negative attitudes toward them can be a major barrier (Ward et al., 2007) . For example, a study of water conservation in Mexico found that perceived water waste by neighbors decreased the likelihood of residents conserving water (Corral-Verdugo et al., 2002) . Conversely, belief that the water utility and others in the community are actively reducing their water use increases the likelihood of conserving water (Jorgensen et al., 2009) . Similarly, beliefs that household water use will not make an appreciable impact on water resources, that water conservation methods are not reliable or effective, and lack of knowledge of water usage are major factors influencing household water conservation (Teodoro, 2009) . Trust in government has also been suggested as a possible driver of water conservation, and has been suggested for future research (Jorgensen et al., 2009 ).
The purpose of this article is to assess the role that attitudes and perceptions play in motivating indoor and/ or outdoor water conservation, including perceived importance of water resources and their preferred use; preferred learning modes and information sources; interest in certain types of water issues; views on governance; general environmental attitudes; and demographics. Findings of this study can be used to inform the design and implementation of water outreach programs, leading to improved resource conservation.
MATERIAlS ANd METhodS
Using survey data from nine states on attitudes and perceptions of water resources, we assess the role that attitudes and perceptions about the environment, water resources, governance, and information sources play in the adoption of indoor and outdoor water-conserving actions. Our data come from surveys conducted by USPS-mail in each of nine states (Alabama, Arizona, Florida, Georgia, Hawaii, Mississippi, Oklahoma, Tennessee, and Texas) from 2005 to 2010. Mahler et al. (2013) provide details of the survey design and data collection methods. Here, we assess the influence of various attitudes and perceptions on water-conserving actions using data from nine states (Table 1) . Specifically, we econometrically assess the role that these factors play in the adoption of indoor and outdoor water conservation.
The survey asked "Have you or someone in your household done any of the following in the last 5 years as a part of an individual or community effort to conserve water or preserve water quality? (Check all that apply)." From the response set, we defined outdoor conservation to include changes to yard landscaping; frequency of yard watering; use of pesticides, fertilizers, or other chemicals; how vehicles are washed; method of motor oil and other vehicle fluid disposal; how household chemicals or yard wastes are disposed; and pumping septic system. Indoor conservation was defined to include the adoption of new technologies (low flow faucets, etc.); installation of watersaving appliances (toilet, etc.); how water is used in the house (washing dishes, etc.); and testing drinking water. Other possible responses to the question were omitted from the analysis, including involvement with documenting sources of contamination, smart growth planning, and environmental advisory commission.
The survey also asked a number of questions involving factors that comprise our explanatory variables (Table 1) . These included: (1) the perceived importance of waterrelated issues (e.g., clean drinking water) and allocation of water among competing sources (e.g., water for industry); (2) demographics; (3) water information sources (e.g., extension); (4) preferred learning mode (e.g., passive); (5) preferred topics that respondents would like to learn about (e.g., drinking water issues); (6) perceived role of government institutions in water resource protection; and (7) overall environmental attitude. We identify several important drivers of water conserving actions, and provide a discussion of the model results and their implications for education and conservation programs. Please see Mahler et al. (2013) for a full description of both survey data collection methods and a detailed description of the survey instrument.
We used two econometric specifications to assess the impact of our explanatory variables on water conservation behaviors. A logistic (logit) regression model specification is used to predict the likelihood of indoor conservation adoption and outdoor conservation adoption. The logit regression models (Greene, 2009) for indoor or outdoor water-conserving actions are modeled as:
where Pr is probability, y i = 1 if respondent i indicated taking a water-conserving action (defined as indoor for model 1, outdoor for model 2), and 0 otherwise; x are the explanatory variables, b are the intercept and parameter weights.
The logit models (Eq.
[1]) were parameterized using maximum likelihood estimation with the Logistic Regression procedure in SPSS 20 (SPSS, Inc., 2011; Greene, 2008) .
RESulTS
Summary statistics and descriptions of variables and related survey questions are reported in Table 1 . On average, survey respondents were unlikely to have intentionally adopted additional indoor conservation (mean 0.40) and likely to have adopted outdoor conservation (mean 0.77) ( Table 1) .
Respondents generally viewed the importance of clean water very high-near 5 on a 1 to 5 scale for clean rivers, lakes, and streams (4.68); clean groundwater (4.71); and Education (1-less than high school, …, 5-advanced college) Q80 3.48 1.12 † When >1 question indicated, used average of responses calculated across the listed questions. ‡ "Active learning methods" are defined based on respondents' choices of such methods as read printed materials (e.g., fact sheets), visit a website, watch a video (or DVD) of information, and attend a fair or festival; "Passive learning methods" include respondents' choices of such methods as look at a demonstration or display, read a newspaper article or series, or watch TV coverage; "Action learning methods" include options to attend a short course or workshop, take part in a onetime volunteer activity, take a course for certification or credit, get trained for a regular volunteer position, and learn how to conduct home, farm, or workplace water practices assessment. § "Community issues" include watershed management, watershed restoration, forest management and water issues, and community actions concerning water issues; "Drinking water issues" include drinking water and health and protecting (public) drinking water supplies; "well/septic issues" include private well and septic system management, private well protection, and septic system management; and "Personal issues" include irrigation management, animal (manure) waste management, nutrient and pesticide management, home and garden landscaping, and landscape buffers.
clean drinking water (4.94). Views on how water should be allocated, as measured by importance of water for various uses, varied considerably. On a scale of 1 to 5 measuring importance, we found that respondents generally viewed water for agriculture, irrigation, and/or livestock as most important (4.39), followed closely by water for aquatic habitat and fishing (4.36); water for power generation, commerce, and/or industry (4.12); water for recreation (3.89); and water for household and private sector use (3.40). Respondents also tended to view residential water conservation as extremely important (4.22).
Water resource information sources, preferred learning methods, and respondent interest in water resource issues varied significantly. Information sources for water include extension (1 if extension is a source of water information, 0 otherwise; mean value 0.16) and environmental groups (1 if environmental group was a source, 0 otherwise; 0.29). Other information sources were considered, but were excluded from the model due to poor performance. Preferred learning methods were defined as Active (1 if indicated, 0 if otherwise), Passive (1 if indicated, 0 otherwise), and Action (1 if indicated, 0 otherwise). Active learning methods are defined based on respondents' choices of such methods as read printed materials (e.g., fact sheets), visit a web site, watch a video (or DVD) of information, and attend a fair or festival; Passive learning methods include respondents' choices of such methods as look at a demonstration or display, read a newspaper article or series, or watch TV coverage; and Action learning methods include options to attend a short course or workshop, take part in a onetime volunteer activity, take a course for certification or credit, get trained for a regular volunteer position, and learn how to conduct home, farm, or workplace water practices assessment. Generally speaking, respondents strongly preferred Active (mean value 0.80) compared with Passive (0.66) and Action (0.27). Interest in learning about water issues was higher for personal water issues (1 if indicated, 0 otherwise; mean value 0.56) and community water issues (mean value 0.55) than for drinking water issues (mean value 0.42) or well/septic water quality issues (mean value 0.29). Community issues were defined to include watershed management, watershed restoration, forest management and water issues, and community actions concerning water issues; drinking water issues include drinking water and health, and protecting (public) drinking water supplies; well/septic issues to include private well and septic system management, private well protection, and septic system management; and personal issues to include irrigation management, animal (manure) waste management, nutrient and pesticide management, home and garden landscaping, and landscape buffers.
Views on performance of government and individuals in fulfilling their responsibilities to protect water quality were measured by a 5-point scale [ranging from 1 (very poorly), to 5 (very well)]. On average, respondents ranked the performance of government (2.90-3.20) higher than individuals (mean 2.79) to protect water quality, but ranked local-level government (3.20) higher than state (3.06) or federal government (2.94). We also included a scale that measured general environmental attitudes [with the scale from 1 (total natural resource use) to 9 (total environmental protection)], and found that respondents generally favor environmental protection (mean 5.31).
We also included a number of demographic variables in our analysis, including whether the respondent resided in city limits (1 if yes, 0 if no), how much time they had spent in the state (1 if less than 5 years, 2 if 5 to 9 years, 3 if more than 10 years but not all my life, and 4 if all my life), their gender (1 if female, 0 otherwise), and their highest education level attained (1 if less than high school, 2 if high school, 3 if some college or vocational training, 4 if college degree, 5 if advanced college). On average, respondents lived within city limits (mean 0.56), spent more than 10 yr in the state (mean 3.25), were male (mean 0.33), and had some college or vocational training (mean 3.48).
Recall that we specified two econometric models: (1) logit model of indoor conservation adoption; and (2) logit model of outdoor conservation adoption. Both econometric models performed well and were statistically significant at the 99.9% confidence level (Table 2) , and produced parameter estimates with theoretically expected signs. The outdoor actions logit model had better predictive power, correctly predicting 77.8% of observed outdoor conservation actions, whereas the indoor actions logit model correctly predicted 63.2%.
Prediction of outdoor Conservation
Our logit model of outdoor water conservation predicts the likelihood of respondents adopting any outdoor water conservation tools or behaviors. The model includes a number of statistically significant parameter estimates. See Table 3 for parameter estimates, p values, and odds ratios; and see Table 4 for a summary of the signs and statistical significance for only significant variables. Odds ratios are more intuitive to interpret than logit model parameters. They indicate the influence of a single variable on water conservation adoption when holding all other variables constant, and can be used to assess the relative impact of the explanatory variables. Our discussion of the results below includes parenthetical reference to the sign of the variable's impact, its odds ratio, and statistical significance.
1 For example, +10.0** indicates a variable that has a positive sign, is statistically significant at p < 0.01, and has an odds ratio of 10.0.
Perceptions of importance of water quality, water for various uses, and water conservation were important drivers of outdoor conservation. Perceived importance of clean lakes and rivers (+31.9**), and clean groundwater (+24.3*) increased the likelihood of respondents adopting outdoor conservation. Their odds ratios are interpreted to mean that each one-unit increase in these variables make respondents more than 31 times more likely and 24 times more likely, respectively, to adopt outdoor conservation. Perceived importance of water for power, commerce, and industry (-17.2*) reduced the likelihood of adoption, 1 Asterisks designate significance as follows: *0.05 level, **0.01 level, ***0.001 level, † 0.1 level. whereas perceived importance of water for household use (+12.5*) increased the likelihood. Viewing residential water conservation as important for protecting water resources (+25.0***) increased the probability that a respondent adopted outdoor conservation.
Information sources, preferred learning mode, and interest in types of water issues also appear to drive the conservation decision. Having received water resource information from environmental groups (+61.5***) increased the likelihood of outdoor conservation; preferring a passive learning mode (-20.2 †) decreased outdoor conservation, and higher interest in both community issues (+43.1*) and personal water resource issues (+87.7***) appeared to positively influence outdoor conservation.
Perceptions about how well different levels of government protect water quality also influence adoption of outdoor conservation. On average, a more favorable view of the federal government's performance (-15.4*) in protecting water quality was negatively associated with outdoor conservation, whereas more favorable views of county, town, or city government (+17.8*) increased outdoor conservation. Finally, women (-297.0**) were much less likely to adopt outdoor water conservation.
Prediction of Indoor Conservation
Largely different factors appear to drive the decision to adopt indoor conservation compared with outdoor conservation. Unlike outdoor conservation, perceived importance of water quality, water for alternative uses (e.g., household use), and water conservation were not statistically significant drivers of indoor water conservation. Sources of information, however, were important drivers of indoor conservation. Similar to outdoor conservation, indoor conservation was positively influenced by respondents receiving water resource information from environmental groups (+54.6***). Unlike outdoor conservation, having received water resource information from extension (+41.9**) was positively influenced with the adoption of indoor conservation.
The role of preferred learning mode also differed between indoor and outdoor conservation, with indoor conservation positively influenced by action-type learning (+33.9**). Other statistically significant factors include views on government, general environmental attitude, and time in state. Similar to outdoor conservation, indoor conservation is positively influenced by higher levels of evaluation of county, town, and city government's performance (+15.8**) in protecting water quality. Unlike outdoor conservation, views on the federal government were not significant, but views on state government were. On average, positive views on state government's role (-12.7 †) in protecting water resources reduce the likelihood of respondents reporting indoor conservation. Also unlike outdoor conservation, general environmental attitude (+7.4**) is a statistically significant factor in the adoption of indoor conservation. Finally, time in state (-16.0**) is a negative influence on the likelihood of indoor conservation adoption.
dISCuSSIoN
Knowledge about environmental problems and the ways to address them is thought to lead to action that improves environmental quality (e.g., Hines et al., 1987; Hungerford and Volk, 1990) ; that is, knowledge is a prerequisite to action. Yet, given significantly limited resources supporting environmental programs, it may be important to think strategically when implementing these programs-in terms of targeting specific audiences, creating programs that are more likely to reach audiences how and when they prefer (Diem, 2003) . Our results suggest a number of other important factors that, perhaps in conjunction with increasing knowledge, influence water conservation actions. We present two statistically significant models that rely on non-knowledge factors to predict adoption of water conservation by residential water users, particularly for outdoor water conservation. Our outdoor conservation logit and indoor conservation logit models performed well, correctly predicting adoption or non-adoption of conservation 77.8 and 63.2%, respectively. The weaker performance of our indoor model may be explained by the fairly narrow definition of indoor conservation, including adoption of new technologies but not common behavior changes like turning off faucets while brushing teeth, doing full loads of laundry and dishes, and so forth. The survey did not include observations on these additional indoor conservation actions, and these remain a source for future research.
Our findings indicate a number of factors that may affect water conservation decisions (which should be seriously considered when designing water conservation education programs) and highlight the complex role that these factors play in residential water conservation. Perceived importance of clean lakes and rivers, and groundwater positively impact outdoor conservation, but importance of drinking water does not. Our finding about perceived importance of water quality on outdoor conservation is largely consistent with the literature. We know, for example, that farmers' perception of water quality is a significant driver of both water conservation and soil conservation efforts (Bruening and Martin, 1992) . However, the finding on drinking water was unexpected.
Attitudes about the importance of water for competing uses also drive conservation in our models. Higher perceived importance of water for power generation, commercial use, and industrial use negatively influences outdoor conservation; and water for households positively affects outdoor conservation. The negative effect of power generation, commercial use, and industrial use on respondents' likelihood of using water conservation could indicate that industry and commerce use of water is of no environmental concern. The negative impact of perceived importance of water for recreation is consistent with the literature. For example, Bruening and Martin (1992) show that views on water for recreation negatively affect willingness to participate in both indoor and outdoor conservation. As expected, perceived importance of residential water conservation for addressing water resource issues was statistically significant for outdoor conservation (e.g., Jeffrey and Seaton, 2004) .
Receiving water resource information from established and respected sources is also an important driver of water conservation behaviors. As expected, getting information from extension or environmental groups increases the likelihood of adopting indoor conservation tools or behaviors. However, we did not expect to find that extension is not a statistically significant factor in decisions to adopt outdoor conservation. We note that 16% of respondents included in this analysis indicated having received water resource information from extension, which is somewhat lower than broader studies examining the use of any extension information (e.g., Warner et al., 1996; Verma and Burns, 1995) . Previous research has noted that stakeholders are more likely to be aware of individual extension programs but fail to make the connection to the Cooperative Extension Service or the "brand name" extension (Abrams et al., 2010) .
It is likely that respondents to our survey had engaged with extension programs, given that 27% of our respondents indicated participating in action-type programs (Table 1) , which are highly likely to have been connected to an extension program. We also note that Borisova et al. (2012) has shown that participation in extension's Master Gardener program is a significant driver of homeowners' landscaping practices. Hence, we urge caution when interpreting our finding about extension, particularly since we know that extension and education programs have been shown to affect water conservation, suggesting that they are themselves important tools for managing water resources (Rasmussen, 2002) .
Preferred learning modes-the ways in which our respondents prefer to receive water resource informationprovide an interesting dimension to our analysis. Preferences for active learning opportunities (e.g., watching an informational DVD) was not statistically significant, whereas preferring passive learning (e.g., reading a newspaper article) negatively influenced outdoor conservation. Preferring to learn by taking action (e.g., training) positively influences indoor conservation. These results have important implications for educational program design and implementation. For example, outreach that involves mainly passive-type modes of learning, which reduces the likelihood of outdoor conservation, might not be as successful as programs that involve action-type learning activities, particularly for indoor water conservation. However, it may also be possible that those who are more likely to engage in passive learning are physically unable to implement outdoor conservation practices. Also, we note that other research has found that passive-type information delivery has been rated as very or somewhat effective by more than 87% of respondents in Kansas (Market Research Institute, Inc., 2000) , although that research did not involve water resource information. This is an area for future research.
Interest in certain types of water issues also influences water-conserving actions, with interest in community issues positively impacting the adoption of outdoor conservation; and interest in ways to take action around the home or farm to improve water resources is positively related to outdoor conservation (see Boellstorff et al., 2013 for a broader discussion).
Perceptions about how well different levels of government protect water quality also influence water conservation, with more positive views about lowerlevel government (e.g., municipal) and/or less positive views about higher-level government (e.g., federal) increasing the likelihood of water conservation. This is an interesting finding, but one that is consistent with the literature finding that lack of trust in state institutions and water suppliers reduces likelihood of people making water conservation efforts (Heiman, 2002; Jorgensen et al., 2009 . Interestingly, views about how well individuals protect water quality were not significant, despite the expected role that moral suasion is expected to play in water use behaviors (e.g., Hurd, 2006) .
General environmental attitudes also somewhat positively influence indoor conservation, but not outdoor conservation. A large number of studies have demonstrated a link between environmental attitudes and actions (e.g., O'Connor et al., 2002 ), but we did not find one here.
Demographics also play a role in water conservation behaviors. It is interesting to note that the time spent in state and gender (female) reduces the likelihood and amount of conservation. Research has shown that gender and a number of other demographic variables are helpful predictors of environmental perceptions and opinions (e.g., Leiserowitz, 2005; Jorgensen et al., 2009 ). Unexpectedly, we did not find that residing inside city limits vs. outside, or having higher levels of education vs. lower levels influenced water conservation behaviors. It has been shown that level of awareness of water issues is influenced by education (Udayakumara et al., 2010) , and one might assume that education level would be a good proxy for knowledge of water resource issues; yet we found that education level was not a statistically significant factor in any of the models.
Finally, it is interesting to note that indoor and outdoor conservation efforts by residential water users are largely driven by different factors. Perceptions of the importance of (1) water quality (e.g., clean groundwater); (2) water for various uses (e.g., for household use); and (3) residential water conservation were statistically significant factors for outdoor conservation, but not for indoor conservation. Other important departures between the two models include: (1) the role of receiving water resource information from extension-important driver of indoor, but not outdoor conservation efforts; (2) preferred mode of learning-preferring "passive" learning was statistically significant for outdoor but not for indoor conservation, and preferring "action" based learning was important for indoor but not for outdoor; (3) level of interest in types of water issues (e.g., community) were influential for outdoor but not for indoor conservation; (4) views about government and individual roles in protecting water quality were important for both indoor and outdoor, but views on federal government were statistically significant for outdoor conservation and not for indoor, whereas views on state government were important for indoor but not for outdoor; (5) general environmental attitudes were an important variable for indoor conservation but not for outdoor; and (6) different demographic factors affected indoor and outdoor conservation, with time spent in state being important to indoor but not outdoor conservation, and gender being important for outdoor but not indoor conservation. In fact, the outdoor and indoor logit models shared only two common statistically significant variables: having received water resource information from environmental groups, and views on how well county, town, and city government protects water quality. These findings serve to emphasize the importance of considering these factors when designing and implementing educational programs that center on water conservation.
CoNCluSIoNS
Using survey data (n = 2226) from nine states (Alabama, Arizona, Florida, Georgia, Hawaii, Mississippi, Oklahoma, Tennessee, and Texas), we assessed the influence of attitudes and perceptions regarding the environment, water resources, governance, information sources, and demographics on water conservation use. Specifically, we modeled indoor water-conserving actions and outdoor actions indicated by respondents. Our data come from surveys conducted by USPS-mail in each of the states ).
Our models suggest that non-knowledge factors are important drivers of water conservation, particularly outdoor water conservation. These included perceived importance of water resources, water uses, and residential water conservation; preferred information sources; preferred learning methods and topics; views about how well different levels of government protect water quality; environmental attitudes; and demographics. For example, we found that respondents were more likely to have adopted outdoor water-conserving actions with higher perceived importance of clean lakes and rivers and clean groundwater; lower perceived importance of water for power generation, commerce, and industry and/or higher perceived importance of water for households; higher ratings of the importance of residential water conservation (to make a difference); lower desire to learn about water resources through passive methods; having received water resource information from environmental groups; preferring to learn about community water resource issues and personal steps for protecting water resources; having more trust in county, town, or city government and/or less trust in federal government to protect water quality; and being male. Furthermore, outdoor and indoor water conservation actions appear to be driven by largely different factors. Perceived importance of water quality, importance of water for use by various groups, importance of residential water conservation, and interest in various types of water resource issues (e.g., community water issues) were not significant factors for indoor conservation. However, having received water resource information from extension and having more positive general environmental attitudes increased the likelihood of indoor but not outdoor conservation. These results highlight the importance of viewing outdoor and indoor water conservation motivations differently.
ACkNowlEdgMENTS
Funding for this project was provided by the USDA/ CSREES/NIFA Southern Regional Water Program, and special thanks go to Dr. Bob Mahler (University of Idaho) for his leadership with this project, and to the Southern Region Water Policy and Economics team.
